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5DQGRP0DWUL[ 7KHRU\ 507 LV DQ LPSRUWDQW WRRO IRU GHWHFWLQJ FRUUHODWLRQV LQPXOWLGLPHQVLRQDO WLPH VHULHV VXFK DV VWRFN
PDUNHWSULFHKLVWRULHVDQGRULJLQGHVWLQDWLRQIORZVLQGDWDQHWZRUNV
:HUHYLHZWKHEDVLFWKHRU\DQGSURSRVHWZRQRYHODSSOLFDWLRQVWKHGHWHFWLRQRIWUDIILFDQRPDOLHVLQGDWDQHWZRUNVDQGQDWXUDO
ODQJXDJHSURFHVVLQJ
)RU WUDIILF DQRPDOLHV WKH DGYDQWDJH RI WKLV DSSURDFK LV WKDW WUDLQLQJ VHWV DUH QRW QHFHVVDU\ ,Q WKH FDVH RI QDWXUDO ODQJXDJH
SURFHVVLQJRXUDSSURDFKLVDUHILQHPHQWRIWKHVWDQGDUG/DWHQW6HPDQWLF$QDO\VLV/6$
:HZLOOGHPRQVWUDWHDSSOLFDWLRQVWRUHDOWUDIILFIURPDGDWDQHWZRUNDQGSUHVHQWWKHXVHLQ1DWXUDO/DQJXDJH3URFHVVLQJ
'LUHFWLRQVIRUIXWXUHZRUNZLOOEHGLVFXVVHG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIVFLHQWLILFFRPPLWWHHRI0LVVRXUL8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\
.H\ZRUGV&RPSXWHU1HWZRUNV7UDIILF$QRPDO\'HWHFWLRQ5DQGRP0DWUL[7KHRU\1DWXUDO/DQJXDJH3URFHVVLQJ


&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVSHGURVDILHU#VMVROXWLRQVFRP
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7KH LQFUHDVLQJSUDFWLFDOLW\RI ODUJHVFDOH IORZFDSWXUHPDNHV LWSRVVLEOH WR FRQFHLYHRI ,QWHUQHW WUDIILFDQDO\VLV
PHWKRGV WKDW GHWHFW DQG LGHQWLI\ D ODUJH DQG GLYHUVH VHW RI DQRPDOLHV +RZHYHU WKH FKDOOHQJH RI HIIHFWLYHO\
DQDO\]LQJWKLVPDVVLYHDPRXQWRIGDWDIRUDQRPDO\GLDJQRVLVLVDV\HWXQPHW
2YHUWKHSDVWWZRGHFDGHVJUHDWHIIRUWKDVEHHQLQYHVWHGLQPHHWLQJWKLVFKDOOHQJHXVLQJDQLPSUHVVLYHDUUD\RI
GLIIHUHQWPDWKHPDWLFDOWRROVDQGDSSURDFKHVWRKDUYHVWDQGXQGHUVWDQGQHWZRUNZLGHYLHZVRIWUDIILFLQWKHIRUPRI
VDPSOHGIORZGDWD2QHRIWKLVWHFKQLTXHVLV5DQGRP0DWUL[7KHRU\507
5DQGRP PDWULFHV ZHUH LQWURGXFHG LQ 1XFOHDU 3K\VLFV  WR PRGHO WKH VSHFWUD RI KHDY\ QXFOHL 6LQFH LWV
LQWURGXFWLRQ507KDVEHHQXVHG WR LQYHVWLJDWHXOWUDVRQLFUHVRQDQFHVRIVWUXFWXUDOPDWHULDOVFKDRWLFV\VWHPV WKH
]HURVRIWKH5LHPDQQDQGRWKHU]HWDIXQFWLRQVDQGDQ\VXIILFLHQWO\FRPSOLFDWHGV\VWHP
%DUWKHOHP\HWDOVKRZHGWKDW507FDQEHXVHGWRGHWHFWFRUUHODWLRQVDPRQJGLIIHUHQWRULJLQGHVWLQDWLRQIORZV
+HUHZHDUJXHWKDWWKHFRUUHODWLRQVWKDWDUHGHWHFWHGFDQEHXVHGWRGLVFRYHUQHWZRUNZLGHWUDIILFDQRPDOLHV

 / +/$ 0)!()'-+$1# )+2
/HW  EHDPDWUL[RIVL]H 1 /u  / 1t ZLWKHQWULHV LMD WKDWDUHLLGUDQGRPYDULDEOHVGUDZQIURPDSUREDELOLW\
GLVWULEXWLRQZLWK]HURPHDQDQGYDULDQFHV 6XFKPDWUL[LVFDOOHGDUDQGRPPDWUL[
7KHPRVWFRPPRQFDVHLVWKDWZKHUHWKH LMD DUHGUDZQIURPD]HURPHDQ*DXVVLDQGLVWULEXWLRQZLWKYDULDQFHV 
&RQVLGHUQRZWKHFRYDULDQFHRU:LVKDUWPDWUL[ RIVL]H 1 1u 
 7
1
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$ IXQGDPHQWDO UHVXOW RI507 LV WKDW WKH HLJHQYDOXHVRI  DUHGLVWULEXWHG DFFRUGLQJ WR WKHSUREDELOLW\GHQVLW\
IXQFWLRQSGI
UPW

  
  

3 4O
O O O O
O O O
OSV
 
 
 
d d  
ZKHUH
     4 4O Vr   r   
DQG
	
 



   
,QJHQHUDOVRPHIXUWKHUH[SODQDWLRQLVQHHGHGIRUWKHOLPLWLQHTWRH[LVWDQGLWVYDOXH)RUWKHUHVWRIWKLVSDSHU
ZHZLOOVDIHO\DVVXPHWKDWWKLVOLPLWLQJYDOXHLVVLPSO\   
1RWH WKDW WKH UHTXLUHPHQW   LQ WKH GHILQLWLRQ RI  LPSOLHV WKDW  +HUHDIWHU DQG ZLWKRXW ORVV RI
JHQHUDOLW\ZHDVVXPHWKDW 
(YHQWKRXJKHTZDVILUVWGHULYHGIRUWKHFDVHRIDPDWUL[ZLWKUDQGRPHOHPHQWVIURPD]HURPHDQ*DXVVLDQ
GLVWULEXWLRQUHFHQWUHVXOWVVKRZWKDWHTDOVRDSSOLHVZKHQWKH LMD DUHUDQGRPO\GUDZQIURPGLVWULEXWLRQVWKDW
VDWLVI\
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(    D
(     E
ZKHUH ( VWDQGVIRUWKHH[SHFWDWLRQYDOXH
)LJXUHLVDSORWRIHTIRU 1  DQGGLIIHUHQWYDOXHVRI / 7KHNH\IHDWXUHWKDWPDNHVWKLVUHVXOWXVHIXO
LVWKDWLI  LVWUXO\DUDQGRPPDWUL[ZLWKHOHPHQWVWKDWVDWLVI\WKHFRQGLWLRQVLQHTWKHQWKHHLJHQYDOXHVRILWV
FRYDULDQFHPDWUL[DUHLQWKHUDQJH > @O O  DQGIROORZWKHSGILQHT,IZHGRQRWXVHWKHOLPLWLQJFDVHIURPHT
WKHUDQJHLVDSSUR[LPDWH


:K\ LV WKLV UHVXOW XVHIXO"6XSSRVH WKDWZHKDYH 1 YDULDEOHV DQG WKDW HDFKRI WKHP LVREVHUYHG / WLPHV:H
ZRXOG OLNH WR NQRZ ZKHWKHU WKH GDWD DW KDQG LV UDQGRP PRUH SUHFLVHO\ ZH ZRXOG OLNH WR NQRZ ZKHWKHU WKH
REVHUYDWLRQVDUHXQFRUUHODWHG
7KHQXOOK\SRWKHVLVLVWKHQWKDWWKH 1 /u REVHUYDWLRQVDUHLQGLVWLQJXLVKDEOHIURP 1 /u LLGUDQGRPYDULDEOHV
GUDZQIURPDGLVWULEXWLRQZLWK]HURPHDQDQGXQLWYDULDQFH 7RDQVZHUWKLVTXHVWLRQXVLQJ507GHILQHWKHURZ
YHFWRU L1 RI OHQJWK / WKDW FRQWDLQV WKH REVHUYDWLRQV RI YDULDEOH L  LH LM[ LV WKH WKM REVHUYDWLRQ RI YDULDEOH L 
$VVXPH WKDW L1 LV VWDQGDUGL]HG LH LW LV ]HURPHDQ DQG KDV XQLW\ VWDQGDUG GHYLDWLRQ  ,Q WKH QH[W VWHS IRUP WKH
PDWUL[ XVLQJIRULWVURZVWKHYHFWRUV L1   L 1 FRPSXWHLWVFRYDULDQFHRU:LVKDUWPDWUL[
 7
/
     
DQGILQDOO\FRPSXWHWKHHLJHQYDOXHVRI 
,IWKHHLJHQYDOXHVRI DUHGLVWULEXWHGDFFRUGLQJWR UPW3O WKHQWKHGDWDDUHUDQGRPYDULDEOHVGUDZQIURPRQH
RUPRUHGLVWULEXWLRQVVDWLVI\LQJHT2WKHUZLVHZHFDQGLVFRYHUFRUUHODWLRQVLQWKHGDWDE\FRQVLGHUWKH
HLJHQYDOXHVRXWVLGHWKHUDQJH > @O O  DQGDQDO\]LQJWKHFRUUHVSRQGLQJHLJHQYHFWRUV2IFRXUVHZHKDYHWRNHHSLQ
PLQGWKDWZHDUHRQO\DSSUR[LPDWLQJHT7KLVDSSURDFKKDVEHHQXVHGVXFFHVVIXOO\WRDQDO\]HILQDQFLDOGDWD
DQG,QWHUQHWWUDIILF

 **&$-$)()!-)()'&).,+!!$ - -$)(
7KHDSSOLFDWLRQWRDQRPDORXVWUDIILFGHWHFWLRQLVVWUDLJKWIRUZDUG
6XSSRVHWKDWZHKDYHDQHWZRUNZLWK 1 IORZVDQGZHZLVKWRGHWHFWWUDIILFDQRPDOLHVDQGVXSSRVHWKDW / WLPH
VDPSOHVDUHREWDLQHGIRUHDFKIORZ/HW L1 EHWKHYHFWRUFRQWDLQLQJWKH / WLPHVDPSOHVIRUIORZ L 
$VH[SODLQHGDERYHZHIRUPWKHPDWUL[  IURPWKHLQGLYLGXDOIORZV L1 ²ZHVKDOOFDOOWKHPDWUL[ WKHWUDIILF
PDWUL[²DQG SURFHHG WR FRPSXWH LWV FRYDULDQFHPDWUL[ DV  LQ HT +RZHYHU DQ DGGLWLRQDO VWHS LV UHTXLUHG
)LJ7KH507HLJHQYDOXHSUREDELOLW\GHQVLW\IXQFWLRQHT
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KHUHLQVWHDGRIORRNLQJDWWKHYHFWRU L1 LWLVEHWWHUWRFRQVLGHUWKHORJDULWKPRIWKHUDWLRRIVXFFHVVLYHHOHPHQWVRI
L1 DORQJWKHWLPHGLPHQVLRQLHZHXVH
 Ö OQ OQ    LM L M L M[ [ [ M /   }    
7KHUDWLRQDOHIRU Ö L1 XVLQJLQVWHDGRI L1 LVWKHUHPRYDORIDQ\PXOWLSOLFDWLYHELDVHVLQWKHWLPHVHULHV
1H[WHDFK Ö L1 LVQRUPDOL]HGWRKDYH]HURPHDQDQGXQLWYDULDQFH
  Ö Ö Ö Ö L L L L  !  !3 1 1 1   
ZKHUH  x  LQGLFDWHVD VDPSOHDYHUDJH7KXV WKHPDWUL[  Ö IRUPHG IURP WKH Ö L3 KDVGLPHQVLRQV  1 /u  
ZKLOHLWVFRYDULDQFHPDWUL[ Ö KDVWKHVDPHGLPHQVLRQVDV QDPHO\ 1 1u 
+HUHZHSUHVHQWWZRH[DPSOHVRIWKLVDSSOLFDWLRQILUVWE\FRQVLGHULQJDVLPXODWHGWUDIILFPDWUL[DQGWKHQXVLQJ
UHDOQHWZRUNWUDIILF
 6LPXODWHG1HWZRUN7UDIILF
7KH SXUSRVH RI WKLV VLPXODWLRQ LV WR FUHDWH WUDIILF WKDW LV XQFRUUHODWHG DQG WKHQ DUWLILFLDOO\ LQVHUW FRUUHODWLRQV
EHWZHHQWKHGLIIHUHQWIORZVWRWHVWZKHWKHU507FDQGHWHFWWKHVHDQRPDORXVFRUUHODWLRQV
,QSULQFLSOHJLYHQ0 QRGHVDQG 1 HGJHVDUHDOLVWLFVLPXODWLRQVKRXOGWDNHLQWRDFFRXQWWKHWUDIILFFUHDWHGE\
HDFK RI WKH QRGHV WKHZD\ WKLV WUDIILF LV URXWHG DQG WKH WLPHGHSHQGHQW EHKDYLRU RI WKH GLIIHUHQW SURWRFROV WKDW
KDQGOHWKLVWUDIILF+RZHYHUDUHDVRQDEOHVKRUWFXWLVEDVHGRQWKHILQGLQJWKDWLQWHUQHWIORZVFDQEHPRGHOHGDVD
VWDEOHIORZV
:HXVHGWKH0DWODEURXWLQH
WRJHQHUDWHDVWDEOHIORZV 1  HDFKFRQVLVWLQJRIVDPSOHV
 /   )RU HDFK IORZ ZH FKRVH UDQGRPO\ WKH GLVWULEXWLRQ SDUDPHWHUV D DQG E IURP > @D  DQG
>  @E   ZLWKXQLIRUPSUREDELOLW\1RWHWKDWZHVLPXODWHGWKHYDOXHVRI Ö L1 QRW L1 )XUWKHUPRUHWKHYDOXHV
RI Ö L1 WKXV REWDLQHG  ZHUH OLPLWHG WR Ö >  @LM[    LH ZH OLPLWHG WKH UDQJH RI WKH ORJDULWKPLF FKDQJHV WR RQH
FRPSDWLEOHZLWKREVHUYHGYDOXHV
1H[W ZH FRPSXWHG WKH PDWUL[ Ö  LWV FRYDULDQFH PDWUL[ Ö DQG LWV HLJHQYDOXHV )LJXUH D LV D SORW RI WKH
HLJHQYDOXH GLVWULEXWLRQ DQG D FRPSDULVRQ ZLWK WKH HLJHQYDOXH GLVWULEXWLRQ SUHGLFWHG E\ 507 HTV  ZLWK
4  



)LJD&RPSDULVRQRIWKHSGILQHTZLWKWKDWIRURXUVLPXODWLRQZLWKDIORZVEWKHLQMHFWHGDQRPDO\

1H[WZHDUWLILFLDOO\LQWURGXFHFRUUHODWLRQVLQWKHVLPXODWHGGDWDWRWHVWWKHGHWHFWLRQFDSDELOLWLHVRI5077RGR
VRZHUDQGRPO\FKRVHWHQIORZVDQGDWLPHLQWHUYDOZLWKIRUW\SRLQWVDQGDGGHGWKHDQRPDO\LQ)LJEEHFDXVHWKH
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IORZV DUH QRUPDOL]HG WR XQLW YDULDQFH WKH DQRPDO\ DPSOLWXGHZDV VHW WR  WR REWDLQ HQRXJK RI D VLJQDO 7KH
UHVXOWLQJDQRPDORXVIORZVFDQEHVHHQLQ)LJ













)LJD7KHWHQIORZVZLWKWKHLQMHFWHGDQRPDO\7KHWKLFNEODFNOLQHLVWKHPHDQYDOXHE]RRPHGYLHZRID
:HFRPSXWHGWKHHLJHQYDOXHVRIWKHPDWUL[ZLWKWKHDQRPDORXVIORZV Ö DQGFRPSDUHGWKHLUGLVWULEXWLRQWRWKDW
SUHGLFWHGE\5077KHFRPSDULVRQFDQEHVHHQLQ)LJ

 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







)LJD'HYLDWLRQIURPWKH507HLJHQYDOXHSGIDIWHUDQRPDO\LQMHFWLRQEHLJHQYHFWRUFRPSRQHQWVIRUWKHODUJHVWHLJHQYDOXH

1RWHWKDWWKHDQRPDOLHVLQWURGXFHGDVGHVFULEHGDERYHDSSHDULQ)LJDDVDQRXWO\LQJHLJHQYDOXH O  ZKLOH
507SUHGLFWV O  +RZHYHU WKHVHUHVXOWVUDLVHDTXHVWLRQZKLFKRIWKHIORZVDUHFRUUHODWHG")LJVKRZV
WKDW HYHQ LI ZH NQHZZKLFK IORZVZHUH DQRPDORXV LW LV GLIILFXOW WR GHWHFW WKH DQRPDO\ E\ H\H WKLV LV ZK\ZH
SORWWHGWKHPHDQYDOXHWRJXLGHWKHH\H
7KHDQVZHULVIRXQGE\ORRNLQJDWWKHHLJHQYHFWRURIWKHHLJHQYDOXHXQGHUFRQVLGHUDWLRQLQWKLVFDVHWKHODUJHVW
RQH$FFRUGLQJWR507LIWKHFRPSRQHQWVRIHLJHQYHFWRU L. DUHQRUPDOL]HGVXFKWKDW LM 1X  ¦ WKHQWKH\VKRXOG
EH GLVWULEXWHG DV D *DXVVLDQ SGI ZLWK ]HUR PHDQ DQG XQLW YDULDQFH²LQ WKH 507 OLWHUDWXUH WKLV GLVWULEXWLRQ RI
HLJHQFRPSRQHQWVLVNQRZQDVWKH3RUWHU7KRPDVGLVWULEXWLRQ
,QRXUFDVHKRZHYHU WKHFRPSRQHQWVRI WKHHLJHQYHFWRUV WKDWFRUUHVSRQG WR WKHHLJHQYDOXHV WKDWGHYLDWH IURP
507GRQRWREH\ WKH3RUWHU7KRPDVGLVWULEXWLRQ WKHUHIRUHE\ ORRNLQJDW WKHSGIRI WKHHLJHQYHFWRUFRPSRQHQWV
DQG WKHLU YDOXHV ZH FDQ LGHQWLI\ WKH IORZV WKDW DUH FRUUHODWHG 7KLV LV GHPRQVWUDWHG LQ )LJ E IRU WKH ODUJHVW
HLJHQYDOXHWKRVHFRPSRQHQWVZLWKYDOXHJUHDWHUWKDQ | DUHDQRPDORXV
,Q)LJDZHSORWWHG WKHDEVROXWHYDOXHRI WKHHLJHQFRPSRQHQWV IRU WKH ODUJHVWHLJHQYDOXHDQG WZRKRUL]RQWDO
OLQHV WKDW LGHQWLI\ WKH VLJQLILFDQFH OHYHO S RI WKH GHYLDWLRQV IURP WKH 3RUWHU7KRPDV GLVWULEXWLRQ LQ )LJ E WKH
WKLFN OLQHV LGHQWLI\ WKH ORFDWLRQ RI WKH DQRPDORXV IORZV 1RWH WKDW DW D VLJQLILFDQFH OHYHO S  ZH FRUUHFWO\
LGHQWLI\DOOWKHDQRPDORXVIORZVZKLOHDW S  WKUHHRXWRIWHQDQRPDORXVIORZVDUHGHWHFWHG
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7KLVH[DPSOHLOOXVWUDWHVWKHSRZHURIWKHWHFKQLTXHZHSURSRVH

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)LJD(LJHQYHFWRUFRPSRQHQWVIRUWKHODUJHVWHLJHQYDOXHEHLJHQYDOXHGLVWULEXWLRQIRUWKH$ELOHQHGDWD
 5HDO1HWZRUN7UDIILF
7R WHVW RXU PHWKRGRORJ\ ZH XVHG RQH RI WKH $ELOHQH QHWZRUN GDWDVHWV 7KH $ELOHQH QHWZRUN ZDV D KLJK
SHUIRUPDQFHEDFNERQHQHWZRUNFUHDWHGE\WKH,QWHUQHWFRPPXQLW\LQWKHODWHV,QWKH$ELOHQHQHWZRUN
ZDV UHWLUHG DQG WKHXSJUDGHGQHWZRUNEHFDPHNQRZQDV WKH ³,QWHUQHWQHWZRUN´$ELOHQHZDV D SULYDWH QHWZRUN
XVHGIRUHGXFDWLRQDQGUHVHDUFKEXWZDVQRWHQWLUHO\LVRODWHGVLQFHLWVPHPEHUVXVXDOO\SURYLGHGDOWHUQDWLYHDFFHVV
WRPDQ\RI WKHLU UHVRXUFHV WKURXJK WKHSXEOLF ,QWHUQHW7KHQHWZRUNEDFNERQHFRQVLVWHGRISRLQWVRISUHVHQFH
3R3V
7KHGDWDVHW XVHGKHUH FRQVLVWV RI WKHRULJLQGHVWLQDWLRQ 2' IORZVEHWZHHQ WKH3R3V QRWH WKDW IORZV
RULJLQDWLQJDQGHQGLQJLQWKHVDPH3R3DUHLQFOXGHG,WLVWKHVDPHXVHGE\/DNKLQDHWDOWKHVHDXWKRUVFROOHFWHG
WKUHHZHHNVRIVDPSOHG,3OHYHOWUDIILFIORZGDWDIURPHYHU\3R3LQ$ELOHQHIRUWKHSHULRG'HFHPEHUWR
'HFHPEHU6DPSOLQJZDVSHULRGLFDWDUDWHRIRXWRISDFNHWV7KHQHWZRUNUHSRUWHGIORZVWDWLVWLFVHYHU\
PLQXWHVDQGWKHUHIRUHWKHGDWDLVELQQHGLQPLQXWHVELQV
:H XVHG WKH 507 DSSURDFK RQ WKH ILUVW ZHHN RI GDWD  WLPH VDPSOHV  )LJ E VKRZV WKH HLJHQYDOXH
GLVWULEXWLRQDQGDFRPSDULVRQZLWKWKDWSUHGLFWHGE\507WKHRU\
1H[WZHH[DPLQHG WKHFRPSRQHQWVRI WKHHLJHQYHFWRUFRUUHVSRQGLQJ WR WKH ODUJHVW HLJHQYDOXH LQ)LJE7KH
DEVROXWHYDOXHRIWKHVHFRPSRQHQWVDUHSORWWHGLQ)LJD1RWHWKHYHU\ODUJHYDOXHVIRUFRPSRQHQWV±

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
)LJD(LJHQYHFWRUFRPSRQHQWVIRUWKHODUJHVWHLJHQYDOXHEWLPHVHULHVIRUIORZV±
7KH YHU\ ODUJH YDOXHV IRU IORZV ± LQ )LJ D SRLQW WR D VWURQJ FRUUHODWLRQ EHWZHHQ WKHVH IORZV DQG ZH
SURFHHGHGWRH[DPLQHWKHFRUUHVSRQGLQJWLPHVHULHVWKHVHDUHSORWWHGLQ)LJE7KHVHUHVXOWVVKRZWKHDELOLW\RI
507WRGHWHFWDQDQRPDO\WKHUHZDVDQRXWDJHDWWKH,QGLDQDSROLVQRGHWKHSRLQWRIRULJLQRIIORZV±GXULQJ
WKHILUVWZHHNRIGDWDZKLOHWKHRXWDJHODVWHGLWFDXVHGDSHUIHFWFRUUHODWLRQEHWZHHQWKH2'IORZVRULJLQDWLQJDW
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WKH,QGLDQDSROLVQRGHDQGWKLVFRUUHODWLRQUHVXOWHGLQDYHU\ODUJHHLJHQYDOXH²PXFKODUJHUWKDQWKDWSUHGLFWHGE\
507
 -.+&("." +) ,,$("
1DWXUDO /DQJXDJH 3URFHVVLQJ LV FRQFHUQHG ZLWK WKH LQWHUDFWLRQV EHWZHHQ FRPSXWHUV DQG KXPDQ QDWXUDO
ODQJXDJHV$Q LPSRUWDQWH[DPSOH LV WKHDQDO\VLVRI  UHODWLRQVKLSVEHWZHHQD VHWRIGRFXPHQWV DFRUSXVDQG WKH
WHUPVWKH\FRQWDLQE\SURGXFLQJDVHWRIFRQFHSWVUHODWHGWRWKHGRFXPHQWVDQGWHUPV7KLVW\SHRIVHPDQWLFDQDO\VLV
SRVLWV WKDW HDFK GRFXPHQW LV D PL[WXUH RI D VPDOO QXPEHU RI WRSLFV DQG WKDW WKH RFFXUUHQFH RI HYHU\ ZRUG LV
DWWULEXWDEOHWRRQHRIWKHGRFXPHQW
VWRSLFV7KHJRDOLVWKHQWRLGHQWLI\WKHWRSLFVLQDFRUSXV
,QSDUWLFXODU/DWHQW6HPDQWLF$QDO\VLV/6$LVDYHU\LPSRUWDQW]HURNQRZOHGJHWHFKQLTXH7KHDSSURDFK
RI/6$LVWRILUVWEXLOGDPDWUL[WKHVRFDOOHGRFFXUUHQFHPDWUL[WKDWLVIRUPHGRIZRUGFRXQWVSHUGRFXPHQWURZV
UHSUHVHQW XQLTXH ZRUGV DQG FROXPQV UHSUHVHQW HDFK GRFXPHQW FRQVWUXFWHG IURP D FRUSXV DQG WKHQ WR ORRN IRU
FRUUHODWLRQVEHWZHHQWKHZRUGVE\XVLQJ6LQJXODU9DOXH'HFRPSRVLWLRQ69'WRUHGXFHWKHQXPEHURIFROXPQV
ZKLOHSUHVHUYLQJWKHVLPLODULW\VWUXFWXUHDPRQJURZV
$ NH\ VWHS LQ /6$ LV  GLPHQVLRQDOLW\ UHGXFWLRQ RI WKH SUREOHP WKLV LV DFKLHYHG E\ VHOHFWLQJ WKH N ODUJHVW
VLQJXODU YDOXHV REWDLQHG E\ 69' $Q RSHQ SUREOHP LV KRZ WR FKRRVH WKH FXWRII UDQN N EHORZ ZKLFK WKH
VLQJXODUYDOXHVDUHGLVFDUGHG
:HSURSRVHWKHXVHRI507WRLGHQWLI\ N DVVXPLQJWKDWWKHHOHPHQWVRIWKHRFFXUUHQFHPDWUL[DUHGUDZQIURP
DGLVWULEXWLRQ WKDW VDWLVILHV  HT ZLWKRXW ORVVRIJHQHUDOLW\ OHWXVDVVXPH WKDW WKH\DUHGUDZQ IURPD*DXVVLDQ
GLVWULEXWLRQZLWK]HURPHDQDQGXQLWYDULDQFH
7REHVSHFLILF/HW LMZ EHWKHQXPEHURIWLPHVWKDWZRUG L DSSHDUVLQGRFXPHQW M ,QRWKHUZRUGVFRQVLGHUWKH
YHFWRU   L L 9 }0 ZLWKGLPHQVLRQ 1 WKHQXPEHURIGRFXPHQWVLQWKHFRUSXVZKHUH9 LVWKHQXPEHURIZRUGV
FRQVLGHUHG
7KH DQDO\VLVZRXOG WKHQ SURFHHG DV IROORZV   FRPSXWH WKH HLJHQYDOXHV RI WKH FRUUHODWLRQPDWUL[ IRU WKH
PDWUL[  IRUPHG ZLWK WKH YHFWRUV L0 DIWHU WKHVH DUH QRUPDOL]HG WR KDYH ]HUR PHDQ DQG XQLW YDULDQFH
 VHW 4 1 9 DQG FRPSXWH WKH FRUUHVSRQGLQJ 507  HLJHQYDOXH SGI UPW3O >HTV ±@  FRPSDUH WKH
GLVWULEXWLRQRIHLJHQYDOXHVRI ZLWK UPW3O 
7KH UDQN RI WKH HLJHQYDOXHV RI DW ZKLFK  WKH HPSLULFDO GLVWULEXWLRQ GHYLDWHV IURP UPW3O VKRXOG LGHQWLI\ WKH
FRUUHFWYDOXHRI N WRXVH)XUWKHUPRUHWKHVWDWLVWLFDOVLJQLILFDQFHRI N FKRVHQWKXVFDQEHHYDOXDWHGZLWKWKHKHOS
RIWKH7UDF\:LGRPGLVWULEXWLRQ
,WPLJKWEHDUJXHGWKDWZRUGVLQDGRFXPHQWIROORZD3RLVVRQUDWKHUWKDQD*DXVVLDQGLVWULEXWLRQEXWQRWHWKDWIRU
D3RLVVRQSDUDPHWHU Q WKHGLVWULEXWLRQLVQHDUO\*DXVVLDQ2WKHUZLVHEHIRUHVWDQGDUGL]LQJWKHREVHUYDWLRQVD
YDULDQFHVWDELOL]DWLRQWUDQVIRUPDWLRQFDQEHSHUIRUPHG,QSDUWLFXODUXVLQJWKHWUDQVIRUPDWLRQ


[ [    
D3RLVVRQGLVWULEXWHGYDULDEOHLVWUDQVIRUPHGLQWRD*DXVVLDQGLVWULEXWHGRQHZLWK]HURPHDQDQGYDULDQFH
7R RXU NQRZOHGJH WKLV WHFKQLTXH WR FKRRVH N KDV QHYHU EHHQ WULHG EHIRUH ZH LQWHQG LQ WKH QHDU IXWXUH WR
LQYHVWLJDWHWKHSUDFWLFDOLW\RIWKLVDSSURDFK
 .''+2(.-.+ )+%
:HKDYHVKRZQWKDWWKHDSSOLFDWLRQRI5DQGRP0DWUL[7KHRU\KROGVJUHDWSURPLVHLQGHWHFWLQJQHWZRUNWUDIILF
DQRPDOLHVLQWKHIRUPRIDQRPDORXVFRUUHODWLRQVEHWZHHQRULJLQGHVWLQDWLRQIORZV
7KHUHVXOWVSUHVHQWHGKHUHDUHH[SORUDWRU\DQGVHYHUDOTXHVWLRQVUHPDLQWREHVWXGLHG
 :HKDYHGHWHFWHGDQHWZRUNRXWDJHXVLQJ507+RZHYHUWKLVNLQGRIDQRPDO\LQWURGXFHVDSHUIHFW
FRUUHODWLRQIRUDILQLWHWLPHVSDQ+RZFDQZHGHWHFWOHVVWKDQSHUIHFWFRUUHODWLRQV"
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 6RPHRIWKHFRUUHODWLRQVWKDWH[LWVLQIORZVDUHEHQLJQIRUH[DPSOHWKHKUYDULDWLRQVGXHWRFKDQJHVLQ
KXPDQDFWLYLW\+RZFDQWKHVHEHILOWHUHGRXWIURPWKHDQDO\VLV"
 :KDWDUHWKHFRUUHODWLRQVLJQDWXUHVRIRWKHUW\SHRIDQRPDOLHVLQSDUWLFXODUDQRPDOLHVRIPDOLFLRXVRULJLQ"
 :KDWLVWKHRSWLPDOWLPHZLQGRZIRUDQDO\VLV"
 6RIDUZHKDYHIRFXVHGRQWKHODUJHVWHLJHQYDOXHRIWKHFRYDULDQFHPDWUL[ZKDWFDQEHOHDUQHGIURPWKH
VHFRQGODUJHVWDQGVXEVHTXHQWODUJHVWHLJHQYDOXHV"
 /DVWEXWQRWOHDVWLQRXUDQDO\VLVZHXVHGWKH2'IORZVLQVWHDGRIWKHUDZSDFNHWGDWD&DQZHDSSO\507WR
WKHUDZGDWD"7KLVTXHVWLRQLVUHOHYDQWIRUWKHLPSOHPHQWDWLRQRIDXWRPDWLFUHDOWLPHV\VWHPVIRUDQRPDO\
GHWHFWLRQ
$V IRU 1DWXUDO /DQJXDJH 3URFHVVLQJ ZH KDYH SURSRVHG D QHZ PHWKRG EDVHG RQ 507 WR UHGXFH WKH
GLPHQVLRQDOLW\ RI  WKH SUREOHP ZKHQ WDFNOHG ZLWK /6$ $ VWLOO WR EH SURYHQ DGYDQWDJH RI RXU SURSRVDO LV WKH
V\VWHPDWLFZD\WRFKRRVHWKHFXWRIIUDQNIRUWKHUHOHYDQWGLPHQVLRQV
 ! + ( ,
%KX\DQ0%KDWWDFKDU\\D'.DOLWD-1HWZRUNDQRPDO\GHWHFWLRQPHWKRGVV\VWHPVDQGWRROV&RPPXQLFDWLRQV6XUYH\V	7XWRULDOV,(((
	±
0HKWD0/5DQGRPPDWULFHV%RVWRQ$FDGHPLF3UHVV
%DUWKHOHP\0*RQGUDQ%*XLFKDUG(/DUJHVFDOHFURVVFRUUHODWLRQVLQLQWHUQHWWUDIILF3K\V5HY(		
7UDF\&$:LGRP+7KHGLVWULEXWLRQVRIUDQGRPPDWUL[WKHRU\DQGWKHLUDSSOLFDWLRQV,Q6LGRUDYLFLXV9HGLWRU1HZ7UHQGVLQ
0DWKHPDWLFDO3K\VLFV1HZ<RUN6SULQJHUS±
6RVKQLNRY$8QLYHUVDOLW\DWWKHHGJHRIWKHVSHFWUXPLQZLJQHUUDQGRPPDWULFHV&RPP0DWK3K\V
±
3OHURX9*RSLNULVKQDQ35RVHQRZ%$PDUDO/$1*XKU76WDQOH\+($UDQGRPPDWUL[DSSURDFKWRFURVVFRUUHODWLRQVLQILQDQFLDOGDWD
3K\V5HY(	
<XDQ-0LOOV.$FURVVFRUUHODWLRQEDVHGPHWKRGIRUVSDWLDO±WHPSRUDOWUDIILFDQDO\VLV3HUIRUPDQFH(YDOXDWLRQ	±
<X-3HWURSXOX$$6HWKX+5DWHOLPLWHGHDIUS²DQHZLPSURYHGPRGHOIRUKLJKVSHHGQHWZRUNWUDIILF,(((7UDQV6LJ3URF±

6DPRUDGQLWVN\*7DTTX066WDEOHQRQJDXVVLDQUDQGRPSURFHVVHVVWRFKDVWLFPRGHOVZLWKLQILQLWHYDULDQFH%RFD5DWRQ&5&3UHVV
/DNKLQD$&URYHOOD0'LRW&0LQLQJDQRPDOLHVXVLQJWUDIILFIHDWXUHGLVWULEXWLRQV$&06,*&200&RPS&RPP5HY±
'HHUZHVWHU6&'XPDLV67/DQGDXHU7.)XUQDV*:+DUVKPDQ5$,QGH[LQJE\ODWHQWVHPDQWLFDQDO\VLV-$P6RF,QI6FL±

'XPDLV67/DWHQWVHPDQWLFDQDO\VLV$QQ5HY,QI6FL7HFK±
$QVFRPEH)-7KHWUDQVIRUPDWLRQRISRLVVRQELQRPLDODQGQHJDWLYHELQRPLDOGDWD%LRPHWULND±
